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Critical data are not available regarding the frequency of insemination of indi-

vidual female Acdes aegypti. Males may inseminate as many as 6 or more females

(Roth, 1948; Jones and Wheeler, 1965), and various authors have noted that

females may mate several times. Subsequent matings, however, are of shorter

duration than the first (Spielman, 1964). In a brief abstract, Vandehey and Craig

(1958) indicated that multiple insemination may occasionally occur in caged

populations.

Multiple matings in certain other mosquitoes have been studied more com-

pletely. Female Cnlcx pipiens appeared to utilize sperm from only one of two

genetically marked males with which they were confined (Kitzmiller and Laven,

1958; Spielman, 1956). On the other hand. Anopheles gouibiae (Goma, 1963)
and A. quadrimaculatus (French and Kitzmiller, 1963) occasionally accepted sperm
from more than one male. The significance of these findings is limited in that

caged populations may be abnormal in their mating behavior. Gillies' (1956) ob-

servation of multiple masses of semen in the genital atria of wild-caught A. gambiae
females may indicate that multiple insemination occurs in nature.

The objective of the present study was to determine whether more than one

semen mass is accepted and retained by female A. acgypti.

MATERIALS AND METHODS

A strain of Acdcs aegypti obtained from Grand Bahama Island in 1965 was
used. In addition, one experiment employed males of a genetically marked strain

(Gold Mesonotum ) obtained from Dr. George B. Craig, Jr. Larvae were reared

in tap water at 22 1 C. and fed Purina Rabbit Chow Pellets. Length of day
was maintained at 16 hours and mosquitoes were manipulated at about the middle

of the day.
LTnless otherwise noted, males were 2-5 days of age when first mated. Mating

of free-flying pairs occurred in glass lantern chimneys (18 X 10 cm. ) at 22 1 C.

and 76 2% R.H. The chimneys were rotated on their sides in order to induce

continuous flight by the mosquitoes within. After mating began, rotation was

stopped and duration of genital contact was noted. Mosquitoes were discarded if

no copulation occurred within 2 minutes. To mate tethered specimens the female

was etherized and glued to a slide. Males were anesthetized with gas (99%
nitrogen and \% hydrogen), decapitated, and held in vacuum forceps. Genitalia

1 This study was supported in part by U. S. Public Health Service Grant AI 00046 from the

National Institute of Allergy and Infectious Diseases.
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of these males were then brushed against those of the females until copulation

occurred.

Mosquitoes were removed from chimneys with a breath-operated aspirator tube;

those to be frozen were then blown into test tubes immersed in a mixture of alcohol

and solid CO.,. Techniques of dissection, preparation of whole mounts and sec-

tioning (employing Newcomer's fixative and hematoxylin-azure II-eosin stain)

followed methods described by Spielman (1964). Techniques for transplanting

tissue into mosquitoes have been described by Leahy and Craig (1965).

RESULTS

1. Filling of the copulatory bursa

The rate of inflation of the copulatory bursae of mating females was determined.

Virgin pairs which were permitted to mate in lantern chimneys were removed and

quick-frozen at - 70 C. at intervals after copulation began. Females were fixed

while frozen, dissected, and mounted to permit a lateral view of the bursa. The
outline of each bursa was sketched with a camera lucida (X 225) and the area

of the sketch measured with a polar planimeter. (Measurement of the lateral

profile of the bursa provided an adequate measure of degree of distention because

inflation did not markedly affect the transverse dimension.) After 4 seconds of

mating, bursae were approximately as distended as those in females that were

allowed to mate without interruption ( Fig. 1 ) .

The duration of copulation necessary for the retention of semen after mating
was studied in females whose mating was interrupted mechanically. This is in
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FIGURE 1. Rate of inflation of the copulatory bursa during mating. When copulation was not

interrupted, females were frozen immediately after withdrawal of the male.
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contrast to interruption by quick-freezing as practiced in the previous experiment.
Five minutes after separation from the males, the females were chloroformed and

dissected. Those that had mated for 6 seconds contained semen (Table I).

Subsequently, all experiments involving successive matings were done with

females known to have mated for at least 6 seconds. Duration of copulation among
virgin specimens generally exceeded 10 seconds; the mean for 128 pairs was 17.6

seconds (Table II).

2. Behavior during successive matings

The mating behavior of virgin and non-virgin females was compared. Single

virgin females were placed with two males in lantern chimneys. Females were

removed after copulation and held for varying periods of time before re-exposure
to males. Females appeared to mate somewhat more readily when first exposed
to males than during second exposure (Table II). Thus, nearly 90% of 3-day-old

virgin females mated for 6 seconds or more while less than half mated a second

TABLE I

Presence of semen in female A. aegypti according to duration of interrupted mating

Duration of mating (seconds) Proportion of females containing semen

1

2

3

4

5

6

0/2

3/10
2/6

4/9
4/5

6/6

time when re-exposed during the next week. Virgin females of comparable age
mated readily. Abortive matings (i.e., duration less than 6 seconds) occurred with

greatest frequency in the previously-mated group. Of those females that mated,

most did so during the first minute of exposure to males.

3. Appearance of the copulatory Inirsa after mating

The copulatory bursa of freshly inseminated females was distended. Its con-

tents included motile sperm and many clear globules intermixed with fine granules.

Sperm were most numerous in a clear region at the periphery. The bursal walls,

which were approximately 2 microns thick before mating, generally became vacuo-

lated and as much as 20 microns thick after mating (Fig. 2). During the ensuing

day, the bursa gradually lost most of its volume, globules disappeared, sperm be-

came quiescent, and the bursal walls again became thin. Within the first 10 min-

utes after mating, the genital atrium contained a rapidly undulating mass of sperm.
The sperm were directed toward the spermathecal eminence and the spermathecal

vestibule, forming a flickering mass that later dispersed. A distended bursa, filled

with motile sperm and clear globules, was accordingly taken as evidence of recent

insemination.
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FIGURE 2. Copulatory bursa of female after being inseminated for the first time. Clear

globules are present in the center of the semen mass; a swirling mass of sperm (F) is in the

ventral portion of the bursal orifice and the bursal wall is thick and vacuolated.

FIGURE 3. Copulatory bursa of female that had mated twice and retained semen from both

matings. Bursa was dissected after the second mating which followed one week after the first.

The clear globules and swirling sperm of the second mating are present, together with the dark

remnants of the initial semen mass (R). The wall of the bursa is thin and membrane-like.

4. Presence of semen after mating

The frequency with which virgin females became inseminated was studied in

females of various ages. Those that mated for at least 6 seconds were chloro-

formed and the copulatory bursae examined within 5 minutes of mating. Semen
was almost invariably present after young virgin females mated (Table III).

In contrast, previously mated females generally did not contain fresh semen

after second mating (Table III). This effect was especially marked when one or

TABLE II

Readiness to mate and duration of mating of individual females

during consecutive or single exposures to males

Number of females individually exposed to

males for 2 minutes

%of females mating for 6 seconds or more

Mean number of contacts of less than 6 seconds

per mated female

Mean seconds until mating (6 seconds or more)
commenced

Mean seconds duration of mating

Consecutively mated group

First mating of

3-day-old females

128

87.5

1.5 0.3*

35.1 4.2

17.6 0.5

Second mating at
5-10 days of age

Ill

46.9

2.5 0.4

45.0 4.7

12.6 1.3

Control; single-
mated group

First mating of

5-10-day-old
females

29

100

1.7 0.6

47.5 6.5

19.4 d= 1.3

* Standard error.
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two days had elapsed between the first and second matings. Tlie Imrsae of females

that retained semen from the second mating invariably contained identifiable rem-

nants of the first seminal mass (Fig. ^). The first mass was darker than the

second, clearly demarcated, and located apically. It was thus possible in each

instance to confirm that prior insemination had occurred. Furthermore, in more
than half (8 ont of 14) of the twice-inseminated females, the walls of the bursa

remained thin. The bnrsal walls of females that were mated for the first time

almost invariably (95 ont of 96) became thick.

TABLE III

Comparison of retention of semen by females after second mating with that observed

in once-mated control group of comparable age

Previously mated
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FIGURE 4. Whole mount of pair that was frozen during copulation. Although the aedeagus
of the male (left) is only partially extended, the copulatory bursa is distended with semen (S).

The spermathecae contain sperm from a previous mating.

FIGURE 5. Whole mount of copulating female that was frozen as the aedeagus was with-

drawn. The copulatory bursa tCB) is empty and a mass of semen (S) was present between

the genital lips and adherent to the post-genital plate. Sperm from a previous mating is present

in the spermathecae but not visible in the figure.

Seminal expulsion following insemination of previously mated females was also

observed directly when mosquitoes were mated manually. Ten 5-day- old females,

mated two days previously, were tethered and brought into contact with virgin

males. A mass of semen was visible externally on 9 of the females as the pairs

were separated 10-20 seconds later. The tenth female contained semen as did

all 10 of a group of virgin females that were similarly mated as controls.

6. Loss of semen following mutiny of rinjin females implanted icith mole tissue

The preceding observations suggested that loss of semen in twice-mated females

might be due to some attribute of semen transferred to the female during first

copulation. To explore this possibility, organs removed from 3- or 4-day-old

virgins were implanted in the thoraxes of 3- or 4-day-old virgin females as follows :

male accessory gland (Group A), testis (Group B), and ovary (Group C). Con-

trols included normal female virgins of the same age ( Group 1) ) and normal females

TABLE IV

Seminal retention after mating in virgin females that had received

tissue implants 2 days previously
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which had mated at the time that groups A-C received implants (Group E). All

were individually exposed to males two days after groups A-C received implants.
The post-mating results (Tahle IV) showed that females in groups A and E tended

to lose semen, that loss of semen was less frequent in Group B, and that semen

was retained by all mosquitoes in Groups C and D. The findings suggest that

male accessory gland and, to a lesser extent, the testis contain materials that may
be responsible for seminal loss.

The effect upon the wall of the copulatory bursa produced by implantation of

male accessory glands was studied in 10 virgin females which were examined ap-

proximately one hour after receiving the implants. In 9 the bursal walls were

vacuolated and more than 2 microns thick
;

in two of these the bursal walls were

highly vacuolated and about 20 microns thick. By comparison, the bursal walls

were non-vacuolated in 10 females implanted with ovarian tissue, and in only one

of these females was the bursal wall thicker tban 2 microns.

TABLE V

Effect of blood feeding upon seminal retention in non-virgin females. At beginning of experiment,

females were mated, then fed blood and re-mated after 1 week. In control groups,
initial mating and /or blood feeding was omitted

Treatment at beginning of experiment
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was universal among females mated for the first time, regardless of food regimen

(Table V). Retention after second mating, however, appeared to he somewhat

enhanced by blood feeding.

DISCUSSION

In most insects, males transfer sperm to the female by means of spermatophores
from which the sperm escape after the copulating pair separates (Khalifa, 1949;

Davey, 1960). Other animals may instead possess seminal gels that harden within

the female, and "it is sometimes supposed that in vertebrates such plugs assist

insemination by preventing loss of semen from the female genital tract" (Hinton,

1964, p. 96). Diptera do not have spermatophores, and it seems likely that some

special device may aid in the retention of semen after mating. Copulation in A.

aeg\ptl is accomplished through the superficial apposition of genital parts, semen

being extruded into a chamber formed by the mating pair (Spielman, 1964). This

arrangement might result in loss of semen as the male withdraws unless the seminal

mass becomes altered in some way during or immediately after insemination. In-

deed, the appearance of clear globules in the copulatory bursa during the first

minute of a first mating may be associated with such a change. In addition, semen

appears to be expelled unless held within the female by the aedeagus of the male

for a few seconds. The formation of a "mating plug" following insemination of

various mosquito species has been described (Gillies, 1956; Lum, 1961).

Loss of semen after a second mating occurred more frequently than after the

first, especially if the period between matings exceeded a few hours. This sug-

gests that prior mating may interfere with the normal reaction of the female's

genital tract to semen. Under these conditions, the mass of semen flows freely

and is lost when the female's genital orifice is vacated by the aedeagus.

Vacuolization of the bursal wall is one reaction of the female's genital tract to

the semen (Spielman, 1964; Jones and Wheeler, 1965). That vacuolization fre-

quently did not occur following a second mating of female A. acgypti suggests that

the wall of the bursa may have some role in seminal retention. However, vacuoli-

zation is not an absolute prerequisite to seminal retention, because in some females

that retained semen, vacuolization was not observed.

Loss of semen deposited in a second mating appears to be due to some com-

ponent of the semen of the first mating, and the male's accessory glands, which

elaborate a major portion of the semen, are the probable source of this factor.

There need not he direct contact with the bursa, for seminal loss and vacuolization

of the bursal wall occurred after the male tissue was implanted in the thoraxes of

virgin females. Interestingly, male accessory glands have also been shown to

contain a material that enhances oviposition in A. acg\pti females (Leahy and

Craig, 1965).
The present observations indicate that effective multiple insemination of female

A. acgvpti may be infrequent in nature. Indeed, if the second mating does not

occur during the same day as the first, it appears unlikely that semen from both

would be retained.

SUMMARY

1. The effectiveness of mating of female Aedes aegypti that had previously
been mated was compared to that of virgin females. Non-virgin females mated
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less readily than virgin females and copulation was of somewhat shorter duration.

Cienital union was firm, and insemination occurred in both virgin and non-virgin

females, yet semen was generally not retained in the copulatory bnrsa of females

that had previously been mated. This effect was most evident when one or two

days had elapsed between matings. Multiple insemination, with utilization of

sperm from both matings, however, was occasionally effective when less than 5

hours separated the first and second matings.
2. Factors derived from the accessory glands of the male and, to a lesser extent,

the testes appeared to induce this loss of semen.

3. It was suggested that semen normally gels during mating and that loss of

semen following second mating may result from a defect in this process.

4. These data indicate that female A. acg\ptl in nature may normally utilize

sperm from but one male.

ADDENDUM

Recently, George
1 observed female A. aegypti that were sequentially mated to

irradiated and to non-irradiated males. He suggested that, "copulation may occur

repeatedly, (but) the only effective one is the first" (p. 85 ).
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